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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an intermetallic compel, 
enough in low temp, strength and toughness and suitable for the 
equipment members of aircraft, rockets, etc., used in space 
environment, the parts materials of engines, turbines or the like, the 
core materials of nuclear reactor systems, the core structural 



isothermal forging at 800 to 1 .000 



10 ? materials of fusion reactors or structural materials for nuclear 



5 ^ reactor containers, conduits for neutrons, neutron-shielding 
* containers or the like. 

7. 

SOLUTION: This intermetallic compd. having low temp, strength and 
toughness is the one essentially consisting of Ti-AI-M (M=V, Or, Mo, 
Nb and/or W) and in which the main phases are composed of three 
phases of the B2 (^) phase, Y phase and a 2 phase. It is produced 
by combining various producing methods such as vacuum arc 
melting, electron beam melting, powder metallurgy or the like with 
C or extrusion treatment. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 



IThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]An intermetallic compound which has sufficient low temperature strength making into the main 
phases a phase which comprises a three phase circuit of B-2 (beta) phase, gamma-phase, and alpha2 phase 
in an intermetallic compound, and toughness. 

[Claim 2]The intermetallic compound according to claim 1 which said intermetallic compound uses 
Ti-aluminum-M (M~V, Or, Mo, Nb, and/or W) as the main ingredients, and makes said three phase circuit the 
main phases. 

[Claim 3]The intermetallic compound according to claim 1 or 2, wherein mean particle diameter of a phase 
containing said three phase circuit is an equi-axed crystal grain (form with a crystal grain near a right 
hexagon) of 20 micrometers or less. 

[Claim 4]An intermetallic compound of any one statement of claim 1, wherein, as for a phase contained in 
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said intermetallic compound, said phase or a minute amount element is unevenly distributed in the grain 
boundary including said more than three phase circuit thru/or claim 3. 

[Claim 5]In a manufacturing method of an intermetallic compound, a manufacturing method and a 
homoiothermal forge of versatility, such as the vacuum arc dissolution, electron beam melting, or 
powder-metallurgy processing, A manufacturing method of an intermetallic compound which is rich in a low 
temperature strength and the toughness of any one statement of claim 1 thru/or claim 4 characterized by 
detailed and acquiring an equi-axed crystal grain by combining thermomechanical treatment. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]Apparatus members for which this invention is used by the space environment, such 
as an airplane or a rocket, It is related with an intermetallic compound which is rich in the optimal low 
temperature strength and toughness for structural materials, such as part material, such as an engine or a 
turbine, a charge of a core material of a nuclear reactor system, core internal structure material of a nuclear 
fusion reactor or a reactor vessel, a lead pipe for neutrons, or a neutron shield vessel, and a manufacturing 
method for the same. 
[0002] 

[Description of the Prior Art]Conventionally, in Ti-aluminum system material, since the specific strength is 
excellent, as part material, such as apparatus members, such as an airplane or a rocket, an engine, or a 
turbine, Since the heat resistance, mechanical strength properties, etc. are excellent, the intermetallic 
compound attracts attention as apparatus members, such as a charge of a core material of a nuclear 
reactor system or a reactor vessel, a lead pipe for neutrons, neutron moderation, or a shield vessel. Here, 
with an intermetallic compound. Ti-aluminum is used as the main ingredients and it is defined as the 
compound which contains the 3rd element, such as V and Mn. in it. 

[0003] However, the conventional Ti-aluminum system intermetallic compound contains gamma-phase or 
alphag phase, and the low-temperature ductility of an outstanding thing and the strength property of heat 
resistance were insufficient. In a nuclear reactor system etc., there was a problem that degradation of 
material was remarkable and toughness fell, with the conventional Ti-aluminum system intermetallic 
compound in the environment where it is exposed to the neutron and charged particle of high energy. 
[0004] 

[Problem(s) to be Solved by the Invention]The airplane by which this invention is used by the space 
environment etc. in view of this conventional problem. It aims at offer of a rocket, an intermetallic compound 
further used for components, such as part materials, such as an engine and a turbine, a charge of a core 
material of a nuclear reactor system or a reactor vessel, a lead pipe for neutrons, and a neutron moderation 
container, etc., and a manufacturing method for the same. 
[0005] 

[Means for Solving the Problem]In an intermetallic compound, this invention uses Ti-aluminum-M (M=V, Cr, 
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Mo. Nb, and/or W) as the main ingredients, and makes a three phase circuit of B-2 (beta) phase, 
gamma-phase, and alphaj phase the main composition phases, and can solve the conventional technical 
problem by this composition. 

[0006]In this invention, an intermetallic compound of a Ti-aluminum-M system A vacuum arc solution 
process, After performing pressure processing treatment between heat for a compound obtained by 
obtaining with an electron beam melting method or powder-metallurgy processing. In low temperature, 
homoiothermal forging treatment or extruding processing is performed comparatively, and an intermetallic 
compound which has a low temperature strength and toughness is manufactured by detailed and having an 
equi-axed crystal grain by [ of 800 to 1000 ** ] annealing this. Hereafter, this invention is divided into 
constituent features etc. and explained in detail. 
[0007] 

[Embodiment of the Invention] 

(Intermetallic compound) In this invention, with an usable intermetallic compound. It corresponds, if it is a 
compound which uses Ti and aluminum as the main ingredients, and makes the three phase circuit of B-2 
(beta) phase which is an ordered phase, gamma-phase, and alpha2 phase a main constitution phase and 
twinning or transformation modification is a system which works as one of the main deformation modes. 
Twinning is the plastic deformation accompanied by the twin crystal in which the atomic arrangement of a 
crystal serves as a mirror plane object under stress, and transformation modification says here the case 
where plastic deformation is carried out with a phase transformation under stress. 
[0008]Ti~aluminum is specifically made the intermetallic compound of this invention with the main 
ingredients. Detailed carbide and oxides, such as penetration type elements, such as B. C. etc. which are the 
intermetallic compounds containing replaced type V which goes into a lattice position as the 3rd element. Cr, 
Mo, Nb, W, etc., or go into an interstitial site at this as the 4th element further, or TiC. YgOg, may be 
contained. 

[0009]The 3rd element is an element which stabilizes B-2 phase, and is because the minute amount 
element (the 4th element, said carbide, or oxide) has an effect which heightens the fracture strength in a 
grain boundary. Ti and aluminum are because there is an advantage that excel in corrosion resistance, and it 
is lightweight and also toughness is comparatively excellent. 

[0010]1at% - 20at% of the range is preferred for the content of a replaced type alloying element. 30 - 50at% 
of the range is preferred for the Al quantity in the case of a Ti-aluminum-V system, the optimal, it is 35 - 
45at% of a range, and 5-1 5at% of the range is preferred for the amount of V. It is because there is a 
possibility that it may become impossible to make B-2 phase sufficient except the above-mentioned range 
generate. 

[001 1]0.005 - 0.5at% of the addition of penetration type elements, such as B and C, carbide, or an oxide is 
suitable. It is because there is fear of an appearance of a weak phase at less than 0.005at% when the effect 
does not show up easily and the addition exceeds 0.5at%. 

[0012](omnipresence of the additive in a grain boundary) Next, in this invention, it is desirable for the phase 
or the additive (the 3rd element, the 4th element, carbide, and/or oxide) to be omnipresent in a grain 
boundary. This is for raising a metallic bond ingredient peculiar to metal compared with a covalent bond 
peculiar to ceramics, and heightening the fracture strength of the grain boundary, and is for pressing down 
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propagation of a grain boundary crack further. Although a grain boundary means the interface of a crystal 
grain, not only the interface itself but the phase or minute amount additive may not necessarily exist near 
the interface of a crystal grain. 

[0013](manufacturing method) This invention provides a different new idea from an old idea also about the 
manufacturing method of the intermetallic compound which is rich in a low temperature strength and 
toughness. That is, the organization of the Ti-aluminum binary system alloy was mainly conventionally 
concerned with gamma-phase at the center. By adding the 3rd element that stabilizes B-2 phase further in 
the manufacturing method of this invention, It is the method of making the three phase circuit or the phase 
beyond it containing B-2 phase with more sufficient object nature living together, or is suitable by making a 
phase and an additive omnipresent to a grain boundary as a manufacturing method of the intermetallic 
compound which is rich in a low temperature strength and toughness. If it is this method, it is possible for 
sufficient B-2 phase to be obtained or to make B-2 phase omnipresent to a grain boundary. 
[001 4] Although not limited in particular for the manufacturing method of the intermetallic compound of this 
invention, it is suitable by homoiothermal forging treatment or extruding, and annealing after alloy 
manufacture at detailed and the point where an equi-axed crystal grain is acquired easily and which raises 
toughness. It is preferred for a homoiothermal forge or extruding to complete recrystallization at low 
temperature comparatively of 800 to 1000 **. It is because there is a possibility that a crystal grain may 
become big and rough during hot forging, above 1000 ** and there is a possibility that recrystallization may 
not fully be completed, below 800 **. 
[0015] 

[Example]An example is given to below and this invention is explained concretely. 
[0016] 

[Example 1] The Ti-aluminum-V intermetallic compound (50at% and aluminum are 40at% and, in Ti. V is 
10at%) was manufactured with the vacuum arc solution process. After performing hydrostatic pressure 
processing (HIP) between heat for this on condition of temperature:1 ,050 **, pressure: 1 ,800atm, and 
time:3hr, the homoiothermal forge was performed with the rate of strain of 3.8x10 ~Vs to 78% of the degree 
of compaction at the temperature of 950 **. The microstructure of the alloy obtained through these 
processings comprises a crystal grain which consists of a three phase circuit of B-2 (beta) phase, 
gamma-phase, and alpha2 phase, and the average diameter of some crystal grains is a several micrometers 
homaxial grain including a lamellae phase. 

[0017]And the test piece for tensile test was cut down from there, the tensile test was carried out at the 
room temperature, it was extended with stress (distortion), and the curve was obtained. The result is shown 
in drawing 1 . Compared with the conventional Ti-aluminum system intermetallic compound in which the 
intermetallic compound of this invention makes gamma-phase a main constitution phase as shown in 
drawing 2 , the characteristic excellent in both intensity and **** ductility was obtained. Especially **** 
elongation is about 8%, and showed the value which was excellent also in yield stress compared with about 
820 MPa(s) and a conventional material. In 600 **, 64% of **** elongation and yield stress 640MPa were 
obtained, respectively, and the characteristic which was excellent compared with the conventional material 
also in the high temperature region was shown. 
[0018] 
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[Comparative example 1] Drawing 2 compares and shows the performance of the intermetallic compound of 
the range acquired until now and this invention about the yield stress of the conventional Ti-aluminum 
system intermetallic compound and the test temperature dependency of elongation which make 
gamma-phase a main constitution phase. The old peak prices of the yield stress in a room temperature and 
elongation are about 600 MPa(s) and 4%. 

Usually, although it is 400MPa and 2% or less, in the intermetallic compound of this invention, it has the 
performance more than not less than 5% of elongation, and SOOMPa (twice of the conventional intermetallic 
compound). 

Although the peak prices of the conventional intermetallic compound at 600 ** are 500MPa and 8%, 
respectively, they of the intermetallic compound of this invention have the performance which exceeded all 
of these peak prices, respectively. 
[0019] 

[Effect of the Invention]In this invention, larger tensile strength and elongation were acquired compared 
with the conventional intermetallic compound, and the Ti-aluminum system intermetallic compound used 
further that having the resistance outstanding to a neutron and particle radiation was expected. 
The airplane, rocket, and also engine which are used by the space environment etc. by that cause. The 
optimal intensity for the apparatus member used on condition of [ very severe ] the charge of a core 
material of parts, such as a turbine, or a nuclear reactor system, etc. is high, and offer of the intermetallic 
compound which is rich in ductility and which was specifically excellent in intensity and ductility in the room 
temperature -700 ** temperature requirement was attained. 

Since processability improved by having secured room temperature ductility not less than 5%. it became 
possible to correspond to a lightweight and small still more complicated-shaped member etc. 
[0020]Manufacture of simplicity and a quick and uniform intermetallic compound is attained also as a 
method, and the effect of the cost of an intermetallic compound falling or flexibility improving also came to 
be acquired. 



[Translation done.] 
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